Objective. To investigate simple radiographic findings on painful heels in ankylosing spondylitis (AS). Heel radiography in most studies was from AS patients' non-painful heel. Methods. Seventy AS patients (34 bilateral cases) with heel pain at the time digital radiographs were taken were studied. Standing lateral views (104 radiographs) of the heel were reviewed. Associations between radiologic abnormalities and disease duration and among various abnormal findings were analyzed. Results. Ninety-six (93.4%) had radiographic abnormalities (82.7% in soft tissues/61.5% in bone). Abnormalities of bone only were observed in 9.6%, of the soft tissues only in 30.8%, and of both were 51.9%. These included Kager's triangle's blurring (77.9%), posterior soft tissue swellings near the Achilles tendon insertion (65.4%), obliterations of the retrocalcaneal recess (65.4%), erosions of the superior pole of the posterior calcaneus (31.7%), subplantar irregular spurs (20.2%), posterior traction spurs (16.3%), subplantar erosions (14.4%) and cortical thickenings of the inferior calcaneal body (5.8%). There was a significant association between swelling in the posterior soft tissue and obliteration of the retrocalcaneal recess (p＜0.001). Conclusion. Digital radiography in AS is useful for observing not only bony lesions but also soft tissue abnormalities of the heel, particularly of the posterior heel. For assessing the symptomatic enthesitis of the Achilles, this simple and quick diagnostic tool is valuable when examining for soft tissues' alterations of the posterior heel. (J Rheum Dis 2017;24:93-98)
INTRODUCTION
Heel pain is a common symptom in the foot and ankle region, with many different causes that need to be distinguished by differential diagnosis [1] . Among them is ankylosing spondylitis (AS), in which enthesitis of the heel is common and occasionally is responsible for their initial symptom to seek clinics [2] . Enthesitis is defined as inflammation at the bony interfaces of ligaments, tendons, aponeurosis, annulus fibrosus and joint capsules [3] . Because many of such structures originate from, are inserted in, and also pass alongside the calcaneus, heel pain is frequent peripheral symptom in AS patients from enthesitis of inferior and posterior calcaneus [1, 4, 5] .
Some AS patients with heel pain respond well to medication, but others need special medication such as an anti-tumor necrosis factor agent. An early diagnosis of AS or timely recognition of active enthesitis come to be relevant issue to hopefully reduce or prevent radiologic progression [6] . As well as these reasons for AS patients, getting a diagnostic clue earlier from symptomatic heels is very important in identification of causes, referral or management for patients of the heel pain. Plain radiography is primarily and commonly used to evaluate chronic inflammatory and degenerative joint diseases [7] . There are, however, few examples of radiographic studies of the heel in AS [1, 4, 8, 9] . Previous studies employing plain radiography of the heel in AS have used conventional film radiography and involved mostly asymptomatic heels so that comparable findings for painful heels are, to the best of our knowledge, not available [4, 8, 9] . The purpose of this study was to evaluate findings obtained by digital radiography (DR) of the heel in AS patients with current heel pain, comparing those of previous studies and to observe the relationships between radiologic abnormalities and disease duration, and any correlations between different abnormal findings.
MATERIALS AND METHODS
From January 2006 to December 2009, 808 AS patients were selected at our outpatient clinics for Rheumatic Disease. AS patients satisfying the modified New York criteria [10] and having heel pain on their visit to our hospital were included in the study. All the medical records were reviewed. Patients with no radiographs of weight-bearing lateral views of the heel were excluded. Eventually 70 of the 808 patients (8.7%) were enrolled. Bilateral heel pain was identified in 34 of these patients, so the total number of lateral digital radiographs available for evaluation was 104. A review of patient records identified their age and gender, and disease duration. Radiographic images were visualized with a picture archiving and communications system (PACS) (PiViewSTAR, 5.0.9.98 version; Infinitt Corporation, Seoul, Korea). Bony abnormalities such as spurs of the plantar and posterior calcaneus (traction or irregular), proliferation, and erosion were assessed as previously described [8, 9] . Changes in the shadows of soft tissues comprising the retrocalcaneal recess, and in the vicinity of the insertion of the Achilles tendon and Kager's triangle, were also observed [11] . An experienced orthopedic foot and ankle surgeon (IHS) and a musculoskeletal radiologist (SL) independently evaluated all abnormal findings of bone and soft tissues in plain radiographs twice weekly. This study was approved by the Institutional Review Board on Human Subjects Research and Ethics Committees, Hanyang University Hospital (HYUH 2011-11-010).
Statistical analysis was performed with an SPSS software package (PASW Statistics for Windows, Release 18.0; IBM Co., Armonk, NY, USA). Inter and intraobserver reliabilities were assessed using weighted Cohen's kappa values. Values of k below 0.4 reflect poor, between 0.4 and 0.75 fair to good, and above 0.75 excellent agreements [12] . Correlations between radiographic abnormalities of bone and soft tissues and disease duration were tested with Spearman's correlation coefficient. Correlations between different findings were tested using the chi-square and Fisher's exact tests.
RESULTS
Clinical characteristics of the patients were in Table 1 . The mean time from diagnosis over which radiographs of the heel were taken was 8.3±3.5 (range, 4.3∼21.1) years.
Inter-and intraobserver reliabilities were more than good to excellent for all abnormalities except for blurred Kager's triangle, which showed fair, and the abnormal findings agreed by the two observers are listed in Table 2 . One or more radiographic abnormality was detected in 96 of the 104 feet (92.3%). There were abnormal findings of soft tissues and bone in 86 (82.7%) and 64 (61.5%) radiographs, respectively ( Figure 1 ). There were 10 (9.6%), 32 (30.8%), and 54 (51.9%), abnormalities, of bone only, soft tissues only, and both, respectively, and 8 (7.7%) patients had no abnormalities. Overall and soft tissue abnormalities of the posterior heel were more marked than those of the plantar heel. The frequencies of both plantar and posterior bony spurs were correlated with disease duration, but the correlation for other abnormalities was not significant ( Table 3 ). The association between posterior soft tissue swelling near the insertion of the Achilles and obliteration of the retrocalcaneal recess was statistically significant (p＜0.001). And, erosion in the superior pole of the posterior calcaneus was the only bone lesion commonly associated with soft tissue abnormalities (p=0.001).
DISCUSSION
Few reports have investigated the heel conditions of AS patients by plain radiography, and these mainly focused on asymptomatic heels [4, 8, 9] . In those studies, it was noted that 17% to 58% of patients with AS had radiographic changes in their heels [1, 9] and some radiographic alterations were seen in the absence of local symptoms [8, 11] . However, there is no information about the incidence and pattern of abnormal findings in symptomatic heels in AS patients. We observed a considerably higher incidence of plain radiographic changes in painful heels: 92.3% of the symptomatic patients had pathologic changes in either or both bone and/or soft tissue. This higher incidence is presumably due to the condition that we specifically enrolled patients with symptomatic heel pain, even though our patients were younger and their disease was of shorter duration than those in previous studies [1, 8, 9] . In previous studies, AS patients were found to have radiographic changes in their heel bones, such as erosion, spurs and periostitis [1, 4, 13] . Such lesions, which develop as a result of inflammatory processes on entheses, may not be disease-specific but rather late consequences of enthesitis in advanced AS [13, 14] . In the present work, we observed similar varieties of bony pathology in the calcaneus except for an apparently higher incidence of bony erosion on plantar and posterior tuberosities. The frequencies of bony erosion in the previous and present results were comparable (8.5% [1] and 21% [4] previously vs. 46.1% in our patients) and bony erosion was not correlated with disease duration. These findings would support that the erosive changes may not be just late lesions in symptomatic cases but rather a sign of a relatively earlier stage [9, 15] , or marker of acute on chronic stages of the disease when it is associated with soft tissue changes. The incidence of bony spurs on plantar and posterior tuberosities was similar in previous reports and our results (29% [4] and 31.2% [1] vs. 36.5%). Bony spurs in the present study were correlated with disease duration as in previous studies on patients without local symptoms [1, 8, 9] . Those suggest that such spurs represent chronic or quiescent lesions from various reasons [8, 9] . Authors of this sutudy believe that radiographic alterations in lacking local symptoms would have not any clinical significances and heel spur alone may not show disease-related specificity. The prevalence of soft tissue lesions of the heel was much higher than that of bony changes in our symptomatic AS patients. Many of the patients had soft tissue swelling in the posterior heel portion. We believe that the standing radiographic evaluation of plantar soft is not proper due to the thicker plantar soft tissue and weight-bearing pressure on the soft tissues. On the other hand, the lateral view provides plenty of information about the condition of the soft tissues of the posterior heel because of the thinner soft tissue coverage and superficial location of enthesial structures, especially at the insertion point of the Achilles tendon. We found a markedly higher incidence of obliterated retrocalcaneal recesses than previous studies (2.8% [1] and 16.3% [9] vs. 65.4%). The soft tissue changes, such as obliterated retrocalcaneal recesses and associated soft tissue swelling in the posterior heel near the Achilles' insertion, are key findings of our study. The concomitant presence of these soft tissue abnormalities strongly suggests that they are the result of current enthesitis of the posterior heel. They have been designated retrocalcaneal bursitis due to the inflammatory changes at the insertion of the Achilles tendon [11, 16] , which is the prime example of an 'enthesis organ' [17] . Since such soft tissue lesions were not correlated with disease duration, the radiographic changes of soft tissue shadowing may be more relevant to the concurrent state of the heel than the bony changes, and may represent acute lesions, especially in those cases where only soft tissues are affected (30.8%).
Blurring of Kager's fat pad and soft tissue swelling near the Achilles insertion have not been reported previously in plain radiographic studies of the heel in AS. Therefore, it is not possible to compare these radiographic features such as soft tissues swelling of heel with earlier studies. Blurring of Kager's fat pad was observed in 81 feet (77.9%). Its anterior, posterior and inferior borders are completed by the flexor hallucis longus, the Achilles tendon and the upper surface of the calcaneus, respectively [18] . The ankle and subtalar joint also lie at the anteroinferior corner of the triangle. When observing the lateral plain radiographs of the heel, as well as focusing enthesitis related area of the calcaneus, a blurred margin of this triangle itself deserves attention since it is a well-known radiographic reference in evaluating problems with such bordered structures [17, 19] . All the local structures can be affected by inflammation in AS including bursitis, synovitis, tenosynovitis, and tendonitis. When patients complain of pain in the posterior heel, the structures at the blurred borders of Kager's triangle, if present, need to be carefully examined and further evaluated in clinical situations.
Ultrasonography and magnetic resonance imaging are considered more suitable methods of work-up for assessing such soft tissue conditions. They are, however, rela-tively expensive and difficult to use as first line diagnostic tools because of the need for well-trained specialists, sophisticated equipment and etc. For musculoskeletal problems, radiologic study beginning with plain radiographs is accepted as the standard screening method. Compared with the other specialized modalities, plain radiography is very cost-efficient, simple to use, and quick generated. On the other hand, conventional radiography has been considered ineffective in detecting soft-tissue inflammation [18] . However, digitalized images provide more detailed information than conventional plain radiographs [16, 19] . The main advantages of DR are its relatively high resolution, adjustable contrast and brightness, and the ability to reprocess images to obtain additional information; they thus provide sharper and more detailed images of soft tissue than conventional film radiographs [18, 20] . The simple radiographic findings of the heel, even with digital images, could not be comparable to ultrasonography or magnetic resonance imaging to detect enthesitis. But its primary and fundamental value of simple radiography seems to be important topic to any primary physician or even musculoskeletal specialist particularly when heel pain is the initial symptom of patients to visit clinics. With those features from this simple and quick diagnostic tool, physician could be able to have clue for proper approach to evaluate enthesitis so that unnecessarily delaying diagnosis or inappropriate treatment could be avoided.
There are limitations to our study. First, it is a retrospective study of digitalized images. Second, it has no normal standardized control group. Third, there were no data from clinical assessment, ultrasonography or magnetic resonance imaging for comparison. A well-designed prospective study including thorough physical findings would provide more precise information on the specific conditions causing heel pain. Despite these limitations, large information from the DR including newly observed features should be available in AS patients with heel pain. Supplementary systematic review of patient and thorough physical examination, allied with the findings of DR would enhance a diagnostic value. Especially with observing evident alterations in soft tissue of the posterior heel, it could help clinician to understand particularly the sources of heel pain from the ongoing inflammation from enthesitis of the Achilles.
CONCLUSION
The plain radiography in AS is useful when observing bony lesions as well as soft tissue abnormalities of the heel, particularly of the posterior part. It would help for locating the source of heel pain, and also for offering clues for identifying the cause of the heel pain via special diagnostic modalities. Soft tissue changes seen by DR, such as obliterated retrocalcaneal recesses and swellings where the Achilles inserts, were efficiently detected, independent of the duration of AS, and would be helpful for diagnosing enthesitis of the Achilles associated with retrocalcaneal bursitis.
